Physically active students are more likely to be fit and learn better in school than sedentary ones. For school-aged children, it is unclear whether physical fitness level is an important determinant for student's activity afterschool. This study examined the association between health-related physical fitness test performance and afterschool physical activity during weekdays. Participants (n = 97, 11-13 years old) completed health-related fitness tests. They wore Actigraph GT3X accelerometers for five consecutive days, recording physical activity participation during after school hours. Descriptive statistics for both afterschool physical activity and health-related fitness were summarized. Regression analyses were conducted to determine the association between variables. Participants spent most of their afterschool hours participating in sedentary behaviors (274.27 ± 66.89 min) and light physical activity (73.68 ± 51.66 min), and only 11.35 ± 16.92 min of moderate-to-vigorous physical activity (MVPA), accumulating approximately 2058.52 ± 1690.56 steps each day afterschool. The regression model explained 22.8% of the variance in afterschool MVPA, and Progressive Aerobic Cardiovascular Endurance Run (PACER) scores were the only statistically significant predictor (β = 0.47, p < 0.01). Fit students do tend to exercise more after school. Promoting physical fitness in school is an important factor for students' afterschool physical activity participation during weekdays.
Introduction
Physical activity and health-related fitness have been documented to have many physical and psychological benefits among school-aged children [1, 2] . As such, government agencies and professional associations recommend that children should participate in at least 60 min of moderate-to-vigorous physical activity (MVPA) [3] ; and improving students' physical fitness is set as a goal for physical education in the United States [4] . As the instructional time for physical education declines, it is reasonable for researchers and practitioners to look for opportunities after school to promote physical activity, and at the same time examine current fitness promotion (e.g., regular testing) in schools. Despite the decline in physical education instruction time, the United States Government Accountability Office (GAO) report suggests that increased sport programs and other physical activity opportunities during afterschool hours should play an important role in improving students' weekly physical activity [5] . While physical activity opportunities may exist after school, coherent instruction on physical fitness or physical activity may not be available many students. Bridging what students have achieved in physical education (e.g., fitness) to their afterschool behavior will be critical. After all, from the perspectives of physical educators, health-related fitness testing is a measure conducted during instruction time, with an ultimate goal of promoting fitness and lifetime voluntary physical activity participation [4] .
Health-related fitness tests are recommended as the essential element of fitness education in physical education [6] . In over 60% of public schools in the United States, health-related fitness testing is a customary element of physical education programs [7] . These field-based health-related fitness tests often include several components [8] : body composition (e.g., body mass index, BMI), cardiorespiratory endurance (e.g., one-mile run or Progressive Aerobic Cardiovascular Endurance Run (PACER) test), flexibility (e.g., sit-and-reach), and muscular strength/endurance (e.g., pushup, curl-up, or trunk-lift). Given that these fitness tests are widely conducted in schools, questions exist regarding the value and contribution of these tests to physical activity promotion. Currently, there is a lack of strong evidence on the role of fitness testing in promoting habitual physical activity participation [9, 10] .
A number of studies have examined the relationship between daily physical activity participation and physical fitness, particularly body composition as well as cardiorespiratory endurance [11] [12] [13] [14] [15] [16] . Among the earlier studies, Morrow and Freedson reviewed research relating adolescent physical activity (mostly self-reported) and cardiorespiratory endurance (either laboratory or field-tested) and they found only low correlation coefficients (r = 0.16-0.17) between these variables [12] . They suggested that more physical activity tracking and measurement was needed, and that light physical activity was unlikely to be associated with cardiorespiratory endurance. Since this report, physical activity and health-related fitness measurement techniques have been substantially improved [17] . For instance, accelerometry and other objective portable measures are now readily available for research and everyday usage.
While studies have shown that physical activity, particularly moderate-to-vigorous physical activity (MVPA) tends to positively predict cardiorespiratory fitness [13, 14] , a recent review reported mixed findings regarding the relation between health-related fitness and physical activity from 14 studies published after 2000 [15] . For example, Aires and colleagues (2010) reported a significant positive correlation between adolescents' vigorous physical activity and PACER performance (emphr = 0.39), but no significant correlation with light or moderate physical activity [11] . Similarly, Ross and Mcguire found that incidental moderate physical activity (accelerometry-measured) positively predicted cardiorespiratory fitness (r 2 = 0.20) in adult populations. Further they suggested that health-related fitness could be a mediator between physical activity and obesity [16] .
It is known that physical activity intervention can improve physical fitness, particularly cardiorespiratory endurance [18] . It is also known from the correlational studies that habitual physical activity participation positively predicts physical fitness among children and adolescents [15] [16] [17] . For students in schools, however, their school time is often tightly scheduled during weekdays that the primary time available for voluntary activities is afterschool hours. Among the existing studies cited [11, 13, 14, 16] , all have collected physical activity data from the whole day period either from a self-report or more objective measures. What is unknown is whether students' physical fitness levels predict their afterschool physical activity participation. That is, do fit students tend to exercise more after school? Therefore, this study aims to address whether fit students tend to exercise more afterschool by examining the association between health-related fitness performance and afterschool physical activity participation during weekdays. Specifically, the study seeks to examine whether adolescents' health-related fitness performances predict accelerometer-measured afterschool moderate-to-vigorous physical activity. Identifying the association would help uncover the link, or lack thereof, between these two important variables related to physical education in schools. Likewise, establishing a link between health-related fitness testing and afterschool physical activity would provide further support for the value of fitness testing/education in schools. Furthermore, fitness testing performance in childhood and adolescence is associated with physical activity engagement later in life [19, 20] , providing additional support for using physical education-based fitness programs as a positive correlate to promote lifelong physical activity participation.
Materials and Methods

Sample
The participants of this study were seventh graders (N = 97) including 49 females and 48 males. Based on the anticipated effect size f 2 = 0.15, statistical power level of 0.80 with seven predictors and α = 0.05, the required sample size estimation would be 103. Average participant age was 12.41, SD = 0.44 years old, ranging from 11 to 13. Based on the student self-report, the race/ethnic distribution of the sample was 6.3% Asian American, 12.1% African/Black American, 66% Caucasian/White, 10.6% Hispanic/Latino, and 5% other ethnic groups. The sample reflected the diverse general population of the school in Eastern United States. In order to participate in the study, the students had to be free of physical or mental impairments which may prevent them being able to attend physical education independently or complete the physical fitness tests. Participants completed and returned their assent form and their parent/guardian returned consent forms to indicate their willingness to voluntarily participate in the study prior to data collection. Both the university institutional review board and school district research office approved the study protocols.
Measures and Procedures
Demographic Characteristics
A self-reported 10-question demographic questionnaire was used to gather participant demographic characteristics. These questions asked the students to provide information pertaining to (a) age, (b) sex, (c) race/ethnicity, (d) grade level, and (e) whether they have disabilities or physical conditions that may prevent them from completing the fitness assessments. Those who indicated having disabilities or physical conditions were not included in the study.
Health-Related Fitness
The field-based measures of health-related fitness components were conducted in this study, including: body composition, cardiorespiratory endurance, muscular strength/endurance, and flexibility [8] .Specifically, body composition was measured using body mass index through height and weight (i.e., weight/height 2 ). Height was measured using a portable stadiometer, and weight was measured using a balance beam scale (Dectecto 437, New York, NY, USA). For cardiorespiratory fitness, the 20-meter PACER (i.e., shuttle run) test was conducted, and the number of completed laps was recorded as performance. For muscular strength and endurance, the 90-degree pushup, and curl-up were conducted with cadence from the Cooper Institute [8] . For flexibility, we conducted the trunk-lift and back-saver sit-and-reach test, where the best performance of two trials were recorded. These measures are often tested in the schools and are reported with acceptable reliability and validity [8] .
Afterschool Physical Activity
ActiGraph™ tri-axial accelerometers (Model: GT3X, ActiGraph, Pensacola, FL, USA) were used to collect student afterschool physical activity participation. GT3X accelerometers are widely used in physical activity (PA) research, and they are valid and reliable measures for generating activity counts, step counts, and calorie expenditure among youth [21] . These accelerometers are small (4.6 × 3.3 × 1.5 cm), light weight (19 g) triaxial accelerometers that are considered reliable (intra-class correlation = 0.97) for most common types of human locomotion [22] and accurately measure physical activity compared to oxygen consumption [23] . The participants wore the accelerometer on their right hip for five consecutive weekdays with a 2-second epoch (30 Hz). The selected daily time range for PA was analyzed for afterschool hours from 16:00-22:00. The minimum wearing time was 4 h afterschool for this study. We used Puyau, Adolph, Vohra, and Butte (2002)'s cutoff criteria to calculate sedentary (<800 count per minute (CPM)), light (<3200 CPM), moderate (<8200 CPM), vigorous (≥8200 CPM) time, respectively [24]. These cutoffs were used because they were shown to be sensitive to the pediatric population [25] . Accelerometer data were processed through ActiLife 6 software (ActiGraph, Pensacola, FL, USA) and were included in the analysis if the daily minimum wearing time was met. The aggregated daily average was used to describe adolescent weekday afterschool physical activity.
Procedure
This study used an observational research design to examine the association between health-related fitness performances and accelerometer-measured afterschool physical activity during weekdays. This study was conducted in a naturalistic environment, with no intervention involved. This study was conducted in a suburban school district located in the Eastern United States, where the schools had ample equipment for physical education and the majority of the residents were middle class. The schools typically have two to three physical education classes weekly depending on the schedule.
After the university institutional review board and school district research office approved the study protocols (approval #: 12-106), the researchers distributed parental consent and student assent forms for participant recruitment. Upon receiving the consent/assent forms, the data collection began with fitness tests. Following the standard testing protocols specified in FITNESSGRAM [8] , the researchers conducted the tests with physical educator's presence in school. The researchers brought accelerometers to school, provided instruction, and allowed students to use them for two days to mitigate reactivity. Then the researchers distributed the programmed accelerometers for data collection. Once the wearing time completed, the researchers collected the accelerometers, downloaded the accelerometry data, and processed them for data analyses.
Data Analysis
We ran descriptive statistics on health-related fitness components and physical activity variables. Then, we conducted Pearson product-moment correlations between health-related fitness performances and physical activity variables. Finally, a multiple regression analysis with student afterschool MVPA as the dependent variable and health-related fitness components as independent variables was used to determine the predictive value of health-related fitness components for student afterschool MVPA. Statistical significance level was held at α = 0.05 during the analyses, which was conducted using SPSS (Ver. 25, IBM; Armonk, NY, USA). Table 1 , while on average the adolescents' health-related fitness test results were within the health-related fitness zone, their afterschool hours were mostly sedentary (274.27 ± 66.89 min) and doing light physical activity (73.68 ± 51.66 min), and only 11.35 ± 16.92 min of MVPA, accumulating approximately 2058.52 ± 1690.56 steps each day afterschool. As displayed in Table 2 , PACER performance (cardiorespiratory endurance) was the only fitness component significantly correlated with afterschool MVPA (r = 0.39), energy expenditure (r = 0.40), step count (r = 0.31), sedentary time (r = −0.23), and BMI (r = −0.29). The other health-related fitness test components, including BMI, did not significantly correlate with physical activity variables (ps > 0.05, |r| < 0.20).
Results
As shown in
As shown in Table 3 , the multiple regression analysis results suggested that a significant amount of the variance in adolescent afterschool MVPA was explained by the model ( 
Discussion
The GAO reported that the instructional time for physical education and the percentage of schools offering physical education at least 3 days a week in all K-12 grades has declined due to increased pressure for academic assessments [5] . However, as noted by the GAO report, students' opportunities to participate in afterschool sports had increased during the same period [5] . The GAO report suggested that increased sport programs and other physical activity opportunities after school should play an important role in improving students' weekly physical activity and the benefits associated with physical activity participation [5]. The U.S. Department of Health and Human Services recommends a minimum of 60 min of MVPA per day for adolescents [3] . Clearly, most adolescents in this study did not meet targeted amounts of physical activity relying on afterschool physical activity alone. These results provide further justification that physical education and other school-based physical activity must play an important role in supplementing and promoting student physical activity [27] .
A unique aspect of our investigation was the use of cardiorespiratory endurance as a predictor of afterschool physical activity. Much of the previous literature examining the associations between these variables used physical activity as a predictor of cardiorespiratory endurance [12] , which is not surprising given the large body of evidence showing that increasing physical activity, particularly MVPA, leads to improvements in cardiorespiratory fitness [28] . However, cardiorespiratory fitness levels can prospectively predict future risk of a number of important health-related variables, including physical activity engagement [19, 20] . Cardiorespiratory fitness may influence a child's likelihood of participating in physical activity in both direct and indirect ways. A physically fit child may enjoy physical activity more, especially vigorous activity, as compared to a child with poor cardiorespiratory fitness. More indirectly, cardiorespiratory fitness may act as a surrogate marker for other factors that influence physical activity participation, such as neuromotor development and coordination. Regardless of the mechanism, future studies should consider examining cardiorespiratory fitness as a predictor of different types of physical activity and sedentary behaviors among children.
Our results are not completely aligned with those from Morrow and Freedson [12] , but they are consistent with other more recent findings [11, 16] in that cardiorespiratory endurance is moderately correlated with afterschool MVPA. The advancement in the measurement and evaluation [17] could be a major factor influencing the differences. Over 20 years ago, many of the currently available objective PA measures were not available. Indeed, Morrow and Freedson's review that found only a weak correlation (0.16-0.17) between physical activity and aerobic fitness primarily examined questionnaire-based studies, with a select few utilizing actometers or other early, simple versions of activity monitors. Nevertheless, as evidenced in our study and others [11] [12] [13] [14] 16] , it is consistent that cardiorespiratory endurance is not significantly associated with light physical activity.
In addition to cardiorespiratory endurance, we included other health-related measures including BMI in our analyses. Interestingly, BMI and other measures were not significantly correlated with adolescent afterschool MVPA, even though BMI is significantly negatively correlated with cardiorespiratory endurance. Previous studies have pointed out mixed findings on the relationship between BMI, cardiorespiratory endurance, and physical activity [13] [14] [15] . In short, however, our regression analysis results suggest that health-related fitness measures and gender, as evidenced by the model R 2 = 22.8%, have a positive moderate association with afterschool MVPA. Clearly, there are other factors that could contribute to explaining the remaining variance in afterschool MVPA.
Considering the fact that for many adolescents in middle school, their daytime is tightly scheduled, what is unique in our study is that we measured their daily physical activity during afterschool hours when they may have the chance to voluntarily participate in activities. This study suggests that promoting health-related fitness (particularly cardiorespiratory endurance) in physical education is relevant to improving student afterschool physical activity, which is consistent with a standard expectation of physical education [14] . Physical educators should continue to explore ways to engage students in fitness education and fitness testing process [6, 29, 30] . Future studies should continue to look at the relevance and contribution of the other health-related fitness components in promoting MVPA afterschool.
Limitations of this preliminary study include the relatively small sample size may prevent generalization to a wider population. The sample is also limited to middle class communities and 11-13 years old, which may reduce generalizability for children living in lower income households or other age group. Additionally, we did not measure contextual/behavioral variables such as what types of activities the participants partook, if they participated in activities individually or as a group, or the location of such activities.
Conclusions
In summary, this study demonstrated the association between cardiovascular endurance test results and afterschool physical activity, with a moderate effect size in the explained variance of afterschool MVPA. That is, fit students do tend to exercise more after school, particularly those who have higher aerobic fitness. Additionally, this study showed that the majority of time spent by adolescents during afterschool hours was associated with sedentary behaviors or light physical activity, with few activities eliciting MVPA values. This is of concern, because recent declines in physical education time in schools because of high focus on academic testing allow for little school-based time for youth to be physically active. In an effort to reallocate when adolescents would gain important physical activity minutes, organizations like the GAO (2012) have targeted afterschool hours [5]. However, these results show that this may not be the case. These findings can inform professionals of the need to provide structured opportunities for physical activity during afterschool hours to ensure that this time contributes to the recommended 60 min of daily MVPA for children.
